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Laboratoire de Mécanique des Contacts UMR
INSA-CNRS 5514,

20 Avenue Albert Einstein,
69621 Villeurbanne Cedex

H. Heshmat
Mohawk Innovative Technology, Inc.,

1037 Watervliet-Shaker Road,
Albany, NY 12205-3833

A Review of Recent Approaches
for Modeling Solid Third Bodies
The paper considers the behavior of third bodies in dry contacts. A description of the
mechanism operating in contacts is given and the influence of external parameters out-
lined. Both physicochemical and mechanical conditions greatly influence third body be-
havior. Depending on third-body composition, the external influence can be more or less
dramatic. Due to difficulties with experimentation, numerical modeling is suggested as a
complementary tool. Two approaches for such modeling are described, the continuum and
the discrete approach. At present these models are at an early development stage (two-
dimensional simulations), and great efforts should be made for their further development.
While an experimental apparatus can study phenomena at only one scale; namely the
nanometer with AFM, or the micron to millimeter with fretting machines, modeling is able
to range from the microscopic properties (particle interactions like coefficient of restitu-
tion) to the macroscopic properties by integration or averaging (load capacity, friction
coefficient). �DOI: 10.1115/1.1467632�

1 Introduction
In the 1970s, the third body concept occurred to Dr. Godet

while he was thinking of the lack of conceptualization for dry
contacts �1�. The goal of this idea was to link within the same
approach lubrication theory and dry contact studies. In the first
case, the third body is a fluid and in the second case a mixture of
solid particles of different sizes and different compositions. The
third body has three functions: it transmits the load, and thus has
a load carrying capacity; it accommodates the first bodies’ speed
difference; and it separates the first bodies reducing their degra-
dation. When the third body is a fluid, models predict how these
third bodies act in these three functions. When the third body is
made of solid particles, models, for the prediction and the under-
standing of dry contacts, are hardly set up. Many approaches have
been proposed which often give good results in specific applica-
tions. The goal of this paper is to describe the phenomena encoun-
tered in dry contact and to analyze the existing models. Then a
unified approach is proposed in order to use these models as
complementary tools for the analysis �ultimately the prediction� of
dry contact life.

2 Phenomenological Third Body Behavior
Much progress has been made in the description of dry friction

with the introduction of the third body concept. Previous works by
Berthier et al. �2,3�, Heshmat et al. �4�, Godet �1� and Ludema �5�
have stressed the effect of the solid third body in the contact
behavior. Similar to a fluid, the solid third body transmits the load,
participates in the velocity accommodation mechanism and sepa-
rates the first bodies. Many parameters influence these actions and
this is discussed in the following sections.

2.1 Velocity Accommodation Mechanism. The velocity
accommodation scheme �Fig. 1� shows the way the velocity dif-
ference between the two first bodies is accommodated. Five ve-
locity accommodation sites are defined: S1 and S5 are the two
first bodies, S2 and S4 the two interfaces and S3 the third body.
Four accommodation modes are linked to these sites: the elastic
mode M1, the normal breaking mode M2, the shearing mode M3
and the rolling mode M4. The third body participates in the S3Mj
accommodation. When displacements are important, sites S3 or
S2,4 are the main accommodation sites. The mechanism can be

very different from one case to another. An experiment carried out
by Heshmat �6� with radial powder bearings shows S2,4Mj �slid-
ing� plus S3M3 �shearing� �Fig. 2�. Another experiment with SiC
solid lubricant shows in the contact zone periphery S3M4 �rolling�
accommodation �Fig. 3�. Experiments with MoS2 solid lubricant
show break up of the third body in the normal direction �Fig. 4�.
The way the third body accommodates the velocities depends on
many parameters, so that different accommodation modes can be
activated in the same contact. With SiC �Fig. 5�, shearing could be
observed in the center of the contact �high local pressure� and
rolling at the periphery �medium pressure�.

2.2 Third Body Flows. A solid third body can be supplied
from an external source, analogous to a liquid lubricant or by first
body particle detachment. The first case occurs with powder-
lubricated bearings while the second occurs with solid lubricants
and most dry contacts. The total flow separates into several forms,
as follows �Fig. 6�:

• the source flow can be detached particles �natural third body�
or a solid lubricant supplied externally

• the internal flow participates in velocity accommodation and
transmits the loads between the first bodies

• the external flow divides into two flows. A recirculating flow,
which can reenter the contact area and leakage flow which
never reenters the contact, typical of wear particles.

A study of these flows can lead to the description of what is
called contact life. In a experiment carried out by Descartes �7�,
qualitative graphs showing flow variations have been drawn �Fig.
7�. They stress two stages in a contact with MoSx solid lubricant.
The first stage, called birth of the contact corresponds to third
body formation. The detached particles source flow Qs

i rises till
the internal flow Qi remains constant. In the second part, called
steady state contact life, the detached particle flow remains equal
to the leakage flow (Qw). Of course, these flows depend on the
mechanism around the contact �external loads, stiffness and so
on�, on the mechanical properties of the contact �roughness of the
first bodies, geometry of the contact� as well as on the physico-
chemical properties. As an example, Figs. 7�a� and �b� compare
the evolution of flows with dry and wet atmosphere. The flows of
third body increase in wet conditions; then surface degradation
(Qs

i ) and wear (Qw) are more important.

2.3 Complexity of the Problem. Dry contact behavior is
influenced by three main entities �2,3�:
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